Abstract Routine laboratory investigations play an important role in estimating the risk of mortality in intensive care unit (ICU) patients. The significance of urea:albumin ratio (UAR) in predicting the stay and mortality of ICU patients is not known. It is a retrospective study of patients admitted to ICU (n = 412) with non-chronic kidney disease (non-CKD). Receiver-operating characteristics (ROC) analysis for predicting mortality was carried out to find area under curve (AUC) and threshold levels. Analysis of survival probability was carried out by Kaplan-Meier method and Log-rank test. The AUC to predict mortality were 0.695, 0.767 and 0.791 for serum albumin, urea and UAR, respectively. The threshold levels for albumin, urea and UAR were 2.8 g/dL, 53 mg/dL, and 23.44 mg/g, respectively. The highest odds ratio (OR) of 9.75 to predict mortality at threshold level was observed for UAR, while OR were 7.0 and 3.62 for serum urea and albumin, respectively. The serum urea above and albumin below threshold level were associated with increase in ICU stay of [3 days but the highest OR of 4.73 to predict stay of[3 days was observed for UAR. Kaplan-Meier survival analysis shows significant (p \ 0.001) difference at the threshold value of UAR. Serum urea and albumin are found to be an independent predictor for the mortality and stay; however an increased UAR value is the best parameter in predicting mortality and stay in ICU patients with non-CKD illness.
Introduction
The intensive care unit (ICU) is the most active division in a hospital. Increased mortality is associated with the severity of the patient's illness and underlying conditions. Since patients in the ICU are critical, it becomes increasingly important to identify the patients who need extended stay or are at high risk of mortality, so that the treatment provided to these patients may be critically monitored to have favourable prognosis. There are various methods to measure high risk in terms of outcome, length of stay, ventilator-free days at hospital and by using APACHE II scores [1] at the time of admission. Routine laboratory investigations play an important role in estimating the risk of mortality in ICU patients. Earlier studies have shown that estimating blood urea at the time of admission can be used for mortality risk assessment in patients with acute coronary syndromes along with other cardiac markers [2, 3] and also in the early assessment of acute pancreatitis [4] .
The purpose of this study is to determine the prognostic significance of serum urea, serum albumin levels and urea:albumin ratio (UAR) in estimating the ICU stay and mortality of patients admitted in ICU with varied disorders excluding the patients of chronic kidney disease (CKD).
Materials and Methods
It is a retrospective study of patients admitted from 01 Mar 2011 to 31 Dec 2011 in the ICU of a tertiary care hospital. The study included all patients who were admitted to medical and surgical ICU excluding CKD patients diagnosed on the basis of history, renal symptoms and an
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The study group comprised of 412 patients admitted with a diagnosis other than CKD. The clinical diagnosis of patients in surgical and medical ICU is shown in Table 1 . Patients had median age of 55 years, with male comprising 65 % of total study population. There was no inclusion or exclusion criteria based on age, disease severity, time of admission or duration of hospitalization. The institutional appointed ethical committee approved the research protocol. Data of biochemical investigations including serum urea, albumin on the first day of admission were retrieved from hospital records, for each patient along with their length of ICU stay in terms of days and mortality or survival.
The statistical analysis was performed with Epi Info and MedCalc 32 bit demo version software. The results were considered as statistically significant at p \ 0.05. Receiver-operating characteristics (ROC) analysis was used to assess the ability of various levels and calculate threshold level (that maximized the combined sensitivity and specificity) of continuous variables i.e. serum urea, serum albumin and UAR to predict ICU mortality. Survival curves were created using the Kaplan-Meier method and the Log-rank test was used for comparing the curves. The impact of the independent variable in predicting mortality and ICU stay in days was determined by the odds ratio (OR) and the 95 % CI, which were calculated using the binary logistical regression in univariate analysis using Epi Info.
Results
The ROC curve analysis established that the area under the curve for UAR was 0.791 (95 % CI 0.784-0.829) which is higher than that of serum urea 0.767 (95 % CI 0.723-0.803) and serum albumin 0.695 (95 % CI 0.648-0.739), respectively as depicted in Figs. 1 and 2 . The threshold level (that maximized the combined sensitivity and specificity) for serum albumin, serum urea and UAR was 2.8 g/dL, 53 mg/dL, and 23.44 mg/g, respectively. At the threshold, sensitivity (true positive cases) for predicting mortality was 71 and 67 % for serum urea and UAR, respectively; whereas specificity (true negative cases) was 74 and 83 % for serum urea and UAR, respectively.
Serum albumin and urea as continuous variables in the regression model showed that both were associated with the increased risk of mortality: At threshold level the OR for serum albumin and urea was 3.62 (95 % CI 2.19-5.98) Survival curves were created using the Kaplan-Meier method. Comparison in percentage probability of survival in two groups, one with UAR less than 23.44 mg/g and another with UAR greater than 23.44 mg/g is shown in Fig. 3 . Log-rank test shows a significant difference between the survival curves with p \ 0.001.
Discussion
Intensive care is characterized by increased sophistication, resulting in spiraling costs. Auditing treatment in the ICU is thus an integral component in health care planning and management. There is a need to accurately predict prognosis, so that the physician can be guided in clinical decision-making, including the appropriateness of therapy [6] .
This study shows that, an increase in serum urea and decrease in serum albumin levels are associated with a high risk of ICU mortality. However, it is observed that an increase in UAR is a better predictor of mortality in ICU patients with non-CKD illness.
A majority of studies have shown that serum urea has a role in predicting mortality in some specific diseases such as acute coronary syndrome [2, 3] and acute pancreatitis [4] . Recently a study has established serum albumin as a prognostic indicator in heart failure patients [7] . However, there are no studies on an optimal approach regarding the use of routine laboratory tests like serum urea and albumin in predicting the mortality in ICU patients who have a wide spectrum of diseases. We restricted our study to non-CKD illness as serum urea is a known marker for CKD and its levels would be raised.
This study evaluated serum albumin, urea, and UAR as prognostic markers in ICU patients for several reasons. Firstly, as routine laboratory tests, these measurements are widely carried out with rapid assay method and therefore without added cost. Secondly, both serum urea and albumin are markers that can reflect changes in intravascular volume status. Thirdly, serum urea and albumin are incorporated in several clinical scoring systems for predicting mortality [8] . Therefore, the current study represents an opportunity to systematically compare the prognostic accuracy of serum albumin, urea and UAR measurements in the early assessment of non-CKD ICU patients.
There are several mechanisms by which changes in serum urea may be related to mortality in ICU. Serum urea may reflect the underlying physiologic state of the patient including intravascular volume depletion and pre-renal azotemia, subclinical renal dysfunction or a state of ongoing negative nitrogen balance related to increased protein catabolism induced in critically ill patients [9] . Most ICU patients are hyper catabolic, with high urea generation rates. The decrease in serum albumin level may occur due to decrease in the rate of albumin synthesis, which is affected by both nutrition [10] and inflammation. Given that albumin is a negative acute phase protein and most ICU patients have ongoing inflammatory processes, levels of albumin as acute phase marker will decrease. We have taken the serum albumin levels on the day of admission so that no artifactual reduction occurs due to intravenous fluid treatment or total parental nutrition in subsequent days of ICU stay. Irrespective of the specific mechanism, this study interprets that patients with high serum urea and/or low albumin levels with increased UAR at the time of admission to ICU are at increased risk of mortality. In addition the patients who survive, require longer time of intensive management of ICU. It has been observed that OR for ICU stay of more than 3 days is 4.7 for UAR value higher than threshold level, determined to predict mortality.
Conclusion
An increased level of UAR is a significant risk factor for assessing the stay and outcome in patients admitted to ICU with non-CKD illness. Therefore, UAR can be an important guide in attending such patients with critical evaluation and extensive treatment for an improved outcome. 
